INTRODUCTION
============

Schizophrenia is a serious debilitating illness having influence on 1% of population worldwide and, has a complex pathophysiology that has still not been completely understood. Until recently, efforts have been carried out to uncover the neuropathology of this illness at molecular level. Numerous studies have discovered decreased expression of multiple proteins such as α-synuclein, Nogo-A and, Ubiquitin C-terminal hydrolase L1 (UCH-L1) in schizophrenia.[@B1]

α-synuclein is a major component of nigral Lewy bodies in Parkinson\'s disease (PD). It is a soluble presynaptic protein that is abundant in neurons and, but its function is yet to be elucidated. It has been found that complexes of α-synuclein and dopamine transporter (DAT) facilitate membrane clustering of the DAT, thus accelerating dopamine (DA) uptake *in vitro*.[@B2] Excess α-synuclein potentiates production of reactive oxygen species by DA, which may cause cell death.[@B3] Kobayashi et al.[@B3] found significant association between three single nucleotide polymorphisms in the vicinity of this polymorphic site in intron 1 and metamphetamine psychosis/dependence in female subjects, but not in males. While the pathophysiology of schizophrenia is related to increased/disordered DA activity in prefrontal and striatal networks,[@B4][@B5][@B6][@B7] α-synuclein has the role of interacting with dopamine production/metabolism[@B8] and has important implications for neurodegeneration in PD, other neurodegenerative diseases,[@B9][@B10][@B11][@B12] and aging of brain.[@B13] On the other hand, studies investigating of α-synuclein pathology in postmortem schizophrenia and bipolar patients revealed low α-synuclein levels compared to healthy control subjects.[@B7][@B14]

Another molecule, Nogo-A appeared as a multifunctional protein. Involvement of this protein has been demonstrated in countless developmental processes, ranging from cell migration, axon guidance and fasciculation, dendritic branching and CNS plasticity to oligodendrocyte differentiation and myelination. For that reason, correlating with its various neurobiological roles, Nogo-A was implicated in a range of CNS disturbances, including traumas (e.g., spinal cord injury), stroke, neurodegenerative diseases (e.g., Alzheimer disease or amyotrophic lateral sclerosis), multiple sclerosis, or schizophrenia.[@B15] Nogo-A and Nogo receptor 1 (NgR1) have important functions in regulating structural and synaptic plasticity, so it is conceivable that these mechanisms, when being constitutively impaired, may underlie the increased risk for schizophrenia observed.[@B15] Hovewer, myelination of the prefrontal cortex typically reaches the highest level in late adolescence and early adulthood, happening together with the onset of schizophrenia. Myelin dysfunction is one of the strongly supported hypotheses for explaining pathogenesis of schizophrenia.[@B16] Nogo-A is a necessary ligand for CNS construct at either beginning of the CNS building or later the maintenance in the adult, but at the same time an inhibitory factor to CNS recovery after injuries or disease, which mainly is expressed on the surface of the oligodendrocytes that myelinate the CNS neurons during development of the CNS, and may contribute to the neuron spreading direction and the neuron distribution pattern.[@B17] This myelin hypothesis is supported by gene expression studies,[@B18][@B19][@B20] histopathology studies[@B21][@B22] and imaging studies.[@B23][@B24] Postmortem and genetic investigations have implicated Nogo expression levels and its chromosomal location (chromosome 2p16.1) in the etiology of schizophrenia.[@B16][@B25][@B26][@B27][@B28][@B29] Nogo-A is located on chromosome 2p16, a region implicated in psychiatric diseases such as schizophrenia and bipolar diseases. Postmortem analysis of frontal cerebral cortices derived from schizophrenia patients revealed a higher Nogo-A mRNA level.[@B17]

UCH-L1, also recognized as neuronal-specific protein gene product 9.5, is a highly brain-specific and highly abundant protein containing 1% to 5% of total soluble brain protein.[@B30] It is a small (24 kDa), deubiquitinating enzyme involved in either the addition or removal of ubiquitin from proteins that are destined for metabolism (via the ATP dependent proteasome pathway). Concentrations of UCH-L1 protein increase in human blood and CSF after a wide range of diseases or conditions leading to brain damage like subarachnoid hemorrage, traumatic brain injury, and epileptic seizure, carbon monoxide poisoning and neonatal hypoxic-ischemic encephalopathy.[@B31][@B32][@B33][@B34][@B35][@B36] On the other hand, the ubiquitin proteasome system (UPS), a protein degradation system, has been discovered on the basis of genetic reports as a canonical pathway related with neuropsychiatric disorders, encompassing Alzheimer\'s,[@B37] Parkinson\'s,[@B38] psychosis, and bipolar disorder.[@B39][@B40][@B41] In this sense, abnormalities of the UPS have been frequently announced in mRNA expression studies conducted on blood cells,[@B39] hippocampus,[@B42] prefrontal cortex, and temporal cortex[@B1][@B43][@B44] of patients suffering from schizophrenia.[@B1]

There have been many molecular, genetic studies in recent years in order to explain the ethiopathogenesis of schizophrenia. α-synuclein, Nogo-A and UCH-L1 have many neuromodulatory roles for human brain. Therefore, abnormalities of these molecules are associated with many neuropsychiatric disorders. To our knowledge, although some neuropatho-logical and serum studies in the other disorders have been made, serum study of α-synuclein, Nogo-A and UCH-L1 is not present in patients with schizophrenia and healthy controls. We hypothesized that serum level of these neuromodulatory molecules might be lower than healthy subjects. In addition, severity of psychotic symptoms in patients with schizophrenia might be associated with low serum levels of α-synuclein, Nogo-A and UCH-L1. In this preliminary serum study, we aimed to compare serum α-synuclein, Nogo-A and UCH-L1 levels of patients with schizophrenia and healthy controls.

METHODS
=======

Participants and procedures
---------------------------

Present study was carried out in pychotic disorders unit of Istanbul University, Cerrahpaşa Faculty of Medicine, department of psychiatry from January 2015 to October 2015. Forty-four patients with schizophrenia who was followed by psychotic disorders by the unit and 40 healthy controls were included in the study. The patients met the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. (DSM-5) criteria for schizophrenia.[@B45] The participants who were active alcohol and substance abuser or dependant, with intellectual disability, and had history of neurological disease or experienced clinically significant head injury were excluded from the study according to exclusion criteria. Patients having comorbid psychiatric illness were excluded as well. The healthy control group was formed of 40 age-gender-matched individuals from hospital personnel (nurses, officers and hospital security) with no psychiatric history, neurological disorder and alcohol and substance use disorders. The participants were provided with information that the study was confidential, anonymous, and voluntary. All participants submitted informed consent after they were provided with full description of the study. The project was carried out in line with the Declaration of Helsinki, Finland, and was certified by the ethical committee of Istanbul University, Cerrahpaşa Medical Faculty. Socio-demografic form (includes gender, age, marital status, employment status, number of siblings, duration of education, psychiatric history in family, number of previous ECT, number of hospitalizations) Positive and Negative Syndrome Scale (PANSS)[@B46] are two scales that were employed in this study. The latter one was performed on the patients, while sociodemografic form was applied to both groups.

Biochemical measurements
------------------------

The followings are some requirements of steps to be taken prior to performing of specimen-collection. Blood samples were obtained between 08:00 and 11:00 am and were taken in to a vacutainer without anticoagulant after an overnight (≥12 h) fast. They were routinely centrifugedat the speed of 2000--3000 rpm for 20 min. After clotting for 30 minute, and a liquots of serum samples were stored at -70℃. Measurement serum levels of α-synuclein, Nogo-A and UCH-L1 were determined with enzyme linked immunosorbent assay (ELISA) method (SUNRED Biotechnology CO. LTD China; catalog number is 201-12-1314 for α-synuclein, catalog number is 201-12-1322 for Nogo-A, and catalog number is 201-12-2329 for UCH-L1), according to the manufacturer\'s instructions. These kits use a double-antibodys and wich ELISA to assay the level of α-synuclein, Nogo-A and UCH-L1 in samples. Briefly, samples were added to wells which were pre-coated with monoclonal antibody and incubated; then, antibodies labeled with biotin were added, and combined with Streptavidin-HRP to form immune complex; then incubation and washing were carried out. Then chromogen solutions were added, and at the effect of stop solution, the color finally became yellow. We measured the optical density (OD) of each well under 450 nm wave length within 10 minutes after having added stop solution. According to standard concentrations and corresponding OD values, we calculated the linear regression equation of the standart curve and we determined α-synuclein, Nogo-A and UCH-L1 concentration of samples.

Statistical analysis
--------------------

All statistical analyses were performed using the IBM SPSS Statistics 22.0 package program (IBM Corp., Armonk, NY, USA). Data were expressed as frequencies, median (min-max), and mean±standard deviation. Kolmogorov-Smirnov test (K-S test) was used and histogram and q-q plot were examined to assess the data normality. A two-sided Mann-Whitney test was applied to compare the differences between groups for continuous variables. Chi-square-test with exact method was implemented to compare the categorical variables. The value of p\<0.05 denoted statistical significance.

RESULTS
=======

There was not a significant difference across groups in terms of age, gender and marital status. The education level was higher in control group (p\<0.001). Serum α-synuclein \[patient: 12.73 (5.18--31.84) ng/mL; control: 41.77 (15.12--66.98) ng/mL\], Nogo-A \[patient: 33.58 (3.09--77.26) ng/mL; control: 286.05 (136.56--346.82) ng/mL\] and UCH-L1 \[patient: 5.26 (1.64--10.87) ng/mL; control: 20.48 (11.01--20.81) ng/mL\] levels of the patients with schizophrenia were significianly lower than healthy controls (p\<0.001). Sociodemographic data and serum α-synuclein, Nogo-A and UCH-L1 levels of both groups are given in [Table 1](#T1){ref-type="table"}.

Mean age for first psychotic attack was 22.8±5.4. Patients\' mean number of hospitalization was 2.95±1.3. Clinical characteristics of patient group are given in [Table 2](#T2){ref-type="table"}.

In patients group, according to spearmen correlation analysis α-synuclein levels were positively correlated with number of previous electroconvulsive therapy (ECT) (r=0.445; p\<0.05). Serum levels of Nogo-A in patient group were positively correlated with PANSS negative scores (r=0.531; p\< 0.01). Serum levels of UCH-L1 was correlated with PANSS total and PANSS general psychopathology scores in patient group (respectively; r=0.479, p\<0.01; r=0.451, p\<0.01). Correlation analysis of patient group was shown in [Table 3](#T3){ref-type="table"}.

DISCUSSION
==========

To our knowledge, this study is the first preliminary study measuring serum levels of α-synuclein, Nogo-A and UCH-L1 in patients with schizophrenia. Results of our study revealed that serum α-synuclein, Nogo-A and UCH-L1 levels of patients with schizophrenia were significiantly lower than those of healthy controls. α-synuclein levels were positively correlated with number of previous electroconvulsive therapy (ECT). Serum levels of Nogo-A in patient group were positively correlated with PANSS negative scores. Serum levels of UCH-L1 was correlated with PANSS total and PANSS general psychopathology scores in patient group.

The result of our study with low serum α-synuclein levels in patients with schizophrenia compared to controls is consistent with similar studies investigating α-synuclein pathology in postmortem schizophrenia and bipolar patients, which revealed low α-synuclein levels compared to healthy control subjects.[@B7][@B14] Research studies, revealing the relation of DA transport system and α-synuclein functions, support the theory of excess α-synuclein potentiates production of reactive oxygen species by DA, which may cause celldeath.[@B2][@B3] While the pathophysiology of schizophrenia is related to increased/disordered DA activity in prefrontal and striatal networks,[@B4][@B5][@B6][@B7] α-synuclein has the role of interacting with DA production/metabolism[@B8] and has important implications for neurodegeneration in PD, other neurodegenerations,[@B9][@B10][@B11][@B12] and brain aging.[@B13] It was thought that aggregation of α-synuclein result in cytotoxicity in neurons. Therefore elevated concentration of α-synuclein in neurons which reflect disturbance in degradation of α-synuclein, may be resulted lower serum concentrations of α-synuclein in our study.[@B9] While schizophrenia is not explained as a neurodegenerative disease, synucleopathy findings, and interaction of α-synuclein with DA system may support the theories of neurodegeneration in schizophrenia. Another important result of this study was that α-synuclein levels were positively correlated with number of previous of ECT. Therefore previous ECT\' might be related with better clinical improvement during the psychotic periods, leading less neurodegenaration in patients with schizophrenia.

Myelin dysfunction is one of the vigorously backed up hypotheses for explaining pathogenesis of schizophrenia.[@B16] This myelin hypothesis is supported by gene expression investigations,[@B18][@B19][@B20] histopathology studies,[@B21][@B22] and imaging researches.[@B23][@B24] Postmortem and genetic studies have implicated Nogo expression levels and its chromosomal location (chromosome 2p16.1) in the etiology of schizophrenia.[@B16][@B25][@B26][@B27][@B28][@B29] In addition, in chromosome 22q11, which is also associated with schizophrenia, lays the Nogo-66 receptor NgR1.[@B17] It was reported that knockout of the Nogo-A gene could cause specific behavioral abnormalities similar to schizophrenia-related endophenotypes, for instance deficient sensorimotor gating, disrupted latent inhibition, perseverative behavior and increased sensitivity to the locomotor stimulating effects of amphetamine.[@B17] The result of our study with lower serum Nogo-A levels in patients with schizophrenia also supports the previous studies in explaining myelin dysfunction theory. Myelination of the prefrontal cortex typically reaches to the top in late adolescence and early adulthood, happening together with the beginning of schizophrenia, similarly in our study, mean age of onset for psychosis was 22.8. Hovewer, Nogo-A has important functions in regulating structural and synaptic plasticity, so these mechanisms, when constitutively being impaired, may underlie the increased risk for schizophrenia.[@B15] Serum levels of Nogo-A in patient group were positively correlated with PANSS negative scores. This finding was inversely related with our hypothesis. As previously mentioned Nogo-A and Nogo receptor 1 (NgR1) have important functions in regulating structural and synaptic plasticity,[@B15] positive correlation between negative psychoric symptoms and NOGO-A serum levels may reflect an impairment of NgR1 function leading to support the theory of myelination ins schizophrenia.[@B16]

The ubiquitin proteasome system (UPS), a protein degradation system, has been determined on the basis of genetic reports as a canonical pathway related with neuropsychiatric disorders, including Alzheimer\'s,[@B37] Parkinson\'s,[@B38] psychosis, and bipolar disorder.[@B39][@B40][@B41] Accordingly, abnormalities of the UPS have been frequently announced in mRNA expression studies carried out in blood cells,[@B39] hippocampus,[@B42] prefrontal cortex, and temporal cortex[@B1][@B43][@B44] of patients suffering from schizophrenia.[@B1] Besides, the superior temporal gyrus of postmortem brain tissue samples from people with schizophrenia were examined, and abnormal protein ubiquitination in schizophrenia, including decreased-free ubiquitin and abnormalities of E1 activases and E3 ligases were found.[@B1] The results of these studies are related with consequence of our study, but to our knowledge, there is no serum study investigating serum levels of UCH-L1 in schizophrenia patients.

This study has several limitations, including low sample size and absence of CSF levels of α-synuclein, Nogo-A and UCH-L1. Secondly, our analyses were of exploratory nature and we did not perform correction for multiple testing. This calls for confirmation of our findings by future studies. Hovewer, there is no similar serum study in schizophrenia patients, therefore it is difficult to compare the results of our study.

In conclusion, the results of our study revealed that serum α-synuclein, Nogo-A and UCH-L1 levels of patients with schizophrenia were significiantly lower than healthy controls. These molecules have many neuromedulator roles, espacially in the process of synaptic plasticity, myelinization and dopamine metabolism. These mechanisms have been discussed in the pathogenesis of schizophrenia. So these preliminary serum results may support the growing data of impaired neuroplasticity in the etiology of schizophrenia. Therefore, results of this study need to be replicated by new studies.
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###### Socio-demographics and serum levels of α-synuclein, NOGO-A and UCH-L1 in groups
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Data are expressed as number for categorical variables and mean±SD for continuous variables. F: female, M: male, S: single, M: married, W: widow, E: employed, U: unemployed

###### Clinical characteristics of patient groups
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PANSS: positive and negative syndrome scale, ECT: electroconvulsive treatment

###### Spearman correlation between molecules and clinical characteristics in patients with schizophrenia
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^\*^p\<0.05, ^\*\*^p\<0.01. PANSS: positive and negative syndrome scale, ECT: electroconvulsive treatment, UCH-L1: Ubiquitin C-terminal hydrolase L1
